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the beginning of the compression than later on. In the 
case before us it is at the moment when the pressure of 
gases is strongest, when the shot is fired, that the non-

Fig. 8. Mechanism of the Colt 

compressed spring is least resistant. Browning achieves 
the maximum mass by prolonging the bolt below the 
barrel. It is particularly easy to dismount. For this 
purpose it suffices, after having drawn the bolt to the 
rear in the position represented, to revolve the barrel 
by hand so as to disengage the spurs B from correspond
ing ribs A of the frame. 

Fig. 10 shows the 9 mm. Browning of the Belgian 
army, and Fig. 11 the 6 mm. or 1900 Browning model in 

Fig. 10. Belgian Army Browning 

Osmotic Pressure 

THE theory that osmotic pressure is due to bom
bardment of the walls of the containing vessel by the 
particles of solute has met with considerable criticism, 
both from the chemical and physical si des (compare, 
e. g., van Laar, Proc. Amsterdam Academy, Vol. xvii, 
p. 1241; Vol. xviii, p. 184; abstracted in Nature, March 
16th, 1916). However, at the discussion on osmotic 
pressure before the Faraday Society on May 1st, with 
Sir Oliver Lodge in the chair, the kinetic theory more 
than held its own. It was elaimed by Prof. A. W. 
Porter that this theory is the only one which gives 
directly the experimentally obtained values for dilute 
solutions; that it has now been placed on a sound 
experimental basis as a result of Perrin's investigations, 
which show that particles suspended in a liquid, and 
therefore also the molecules of the solute, are in rapid 
motion to the precise amount required by the theory; 
and that any other theory of osmotic pressure must not 
only be competent to account for the observed facts,' 
but must explain the absence of the effects that we have 
a right to expect from the molecular agitation of the 
solute. These elaims were not seriously shaken by the 
criticisms of subsequent speakers, and towards the elose 
of the meeting the chairman expressed his general agree
ment with the arguments put forward in favor of the 
kinetic theory. 

Mr. W. R. Bousfield's contention that it is the sol
vent and not the solute which is active in osmotic 
pressure may be met, as Sir Oliver Lodge pointed out, 
in a simple and therefore necessarily incomplete way 
as folIows. Imagine a closed vessel full (or prac
tically full) of water, and divided into two compart
ments by a semipermeable membrane. The pressures 
on the two sides of the membrane compensate each 
other, but if a little sugar is dissolved in one com
partment an additional pressure, due to the presence 
of the solute, is set up on that side. The contention that 
it is necessary to look to the solvent, and the solvent 
only, as the source of the pressure is therefore not 
established, but Bousfield's view that osmotic pressure 
is connected with the presence of solvent vapor (ap
proximately obeying the gas laws) in the molecular 
interspaces, deserves consideration on its merits. 

It will not be denied that there are difficulties in 
applying the kinetic theory to relatively concentrated 
solutions (more particularly as regards the correction 
for the volume of the solute), just as there are difficulties 
in the application of the kinetic theory to compressed 
gases. It is remarkable that the deviations from the 
simple gas laws are smaller for solutions than for gases, 
and in one case at least (compare Sackur and Stern, 
Zeitsch. physikal. ehem., 1912, Vol. lxxxi, p. 441) this 
has been shown to be in accordance with the kinetic 
theory of osmotic pressure. 

Both Prof. Porter and Mr. Bousfield ascribe the 

Fig. 7. Operation of the Borchardt 

deviation of osmotic pressure from simple laws solely 
to hydration of the solute, and proceed to calculate 
the degree of hydration of the solute particles on this 
assumption. As, however, such simple la ws do not 
hold for the gaseous state, in which hydration is neces
sarily absent, these "hydration numbers" do not 
inspire much confidence, more particularly as the 
variation of some of them with concentration in rela
tively dilute solution appears difficult to reconcile with 
the law of mass action. Unfortunately they cannot 
be independently tested, as no satisfactory method of 
measuring hydration in solution has yet been discovered. 

Although the magnitude of the osmotic pressure, as 
equilibrium pressure, is independent of the nature of 
the membrane provided the latter is truly semipermeable, 
the mechanism of osmosis, ineluding the part played 
by the membrane, is of great interest and importance. 
The very suggestive investigations of Adrian Brown 
and Tinker on the permeability and other properties 
of membranes have already added substantially to our 
knowledge of these questions. As regards the bearing 
of theories of osmotic press ure on osmosis, the suggestion 
of van Laar that the pressure of the sugar molecules as 
postulated by the kinetic theory would prevent water 
flowing inwards does not appear weil founded. Thc 
most satisfactory picture of the process is probably 
obtained by analogy with Ramsay's well-known experi
ment with a cell provided with a palladium membrane 
permeable for hydrogen, but not for nitrogen. Although 
the cell contained nitrogen at half an atmosphere 
pressure, when it was surrounded by hydrogen the latter 
entered until its partial pressure inside was practically 
equal to its pressure outside.-From Nature (London). 

Melting Zirconia and Production of Ware 
Therefrom 

RA w zirconia is an unsatisfactory material for the 
production of refractory articles as they crack readily 
and soon fall to pieces. I f a bond is used to prevent 
this, the refractoriness of the articles is seriously im
paired. The author has found that zirconia which has 
been heated to above 2,000° C., and especially fused 
zirconia, is free from this objection and is excellent for 
the manufacture of refractory ware. The use of a car
bon resistance furnace or of an ordinary electric arc for 
fusing the zirconia is unsatisfactory on account of the 
formation of carbide. The best results are obtained by 
embedding a carbon electrode in coarsely ground calcined 
zirconia, heating the latter with the arc formed from a 
second carbon electrode and thus partially melting the 
zirconia with formation of some carbide. The latter 
then acts as an electrode and the zirconia fusea and 
continues to do so when the upper carbon electrode is 
slowly withdrawn. After a time, the arc becomes 

© 1917 SCIENTIFIC AMERICAN, INC. 

which the rod Y of the recoil spring, in place of being 
fastened directly to the bolt is fastened to a lever K, 
pivoted upon the bolt at i and whose lower end acts 

Fig. 9. Mechanism of the Hellfritzsch 

on the firing-pin. When the bolt is driven forward by 
the recoil spring the firing-pin is held at the rear by the 
mechanism of the lock; but, in place of being driven 
towards the bolt by a special spring, has this done by 
the recoil spring by means of the lever K. The study 
of the ingenious mechanism of the' hammer, which is 
hidden in the butt of the arm itself, would carry us too 
far, as would also that of the more or less successful 
systems of Bergmann, White, Francken, Mannlicher, etc. 

Fig. 11. 1900 Model Browning 

quiet and the fusion proceeds rapidly. Arcs 30 cm. 
long, accompanied by a molten mass of zirconia 15 cm. 
in diameter, have repeatedly been obtained in half an 
hour with a current of 50 amps. at 220 volts, the result
ing blocks of zirconia being pure, and white, with a yel
lowish sheen in parts, due to traces of iron. The fused 
zirconia is ground for 100 hours or more in a steel ball 
mill and any iron taken up from the latter is removed by 
treating the powder with acid. The zirconia is moulded 
or presscd into articles, with or without the addition 
of an organic bond. By reducing a part of the zirconia 
to the colloidal form it is possible to render the whole 
material plastic and to manufacture articles from it by 
" slip-casting" in piaster moulds in the same manner 
as porcelain. Crucibles made by this process are as 
fine as those made of porcelain. Attempts to cast 
articles from molten zirconia have, hitherto, been un
successful. The articles are burned at 2,300°-2,400° C .  
until they cease t o  contract; i f  properly burned they 
should "ring" clearly when struck. The burning tem
perature may be reduced to 2,100° C. by adding a little 
boric or phosphoric acid to the zirconia before making 
it into artieles, but this is not recommended. The oven 
used is constructed chiefly of fused zirconia; it is cylin
drical in shape, with internal dimensions of 20 cm. by 
30 cm., and is of the injector type. The fuel is either 
town's gas, petroleum, or acetylene supplied with a 

blast of air and, later, with oxygen. The author's 
furnace has been in use for 200 hours without requiring 
any repairs. A uniform yet very high temperature and 
an oxidizing atmosphere can be obtained without dif
ficulty, so that ovens of this type may be useful for test
ing the fusibility of refractory materials up to 3,000° C. 
The shrinkage of the articles during drying and burning 
varies with the size of the particles and zirconia. If a 

finely ground material is used, the total shrinkage is 
about 20 per cent. Fused zirconia resembles fused 
quartz in some respects, but when cooled rapidly it forms 
an opaque mass of minute crystals and not a elear glass. 
The crushing strength of cold fused zirconia is many 
times that of cold quartz, so that it is exceedingly dif
ficult to grind. Such zirconia has a high thermal en
durance and is not affected when heated to redness and 
then plunged into cold water. A large block may be 
heated irregularly by an oxyhydrogen blowpipe without 
showing any signs of spalling. A block of fused zirconia 
maintained at 2,200° C. for thirty hours showed no signs 
of disintegration when cold. Hence, fused zirconia ap
pears to be a refractory, material of extraordinary value. 
I t has a hardness between quartz and corundum, a 

specific gravity of 5.89, a porosity below 1 per cent, 
and a melting point-determined with a Lummer
Kurlbaum pyrometer-between 2,950° and 3,000° C., 
but 0. 5 per cent of impurity reduces this by 1OO°.-Note 
in Jour. Soc. ehem. I nd., on an article by E. POD8ZU8, in 
Z. Angew, ehem. 
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